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ABSTRACT 
 
In whole body vibration is important to be learned and discovered because it can 
reduce accidents. Statistics show accidents involving public transport such as buses are 
often happen. Therefore, a bus driver must be disclosed in more detail about the whole 
body vibration. This is because when a bus had a higher Whole Body Vibration 
throughout the body, the bus driver should take a rest for a moment before continuing 
his journey. The main purpose of this study was to investigate the Whole Body 
Vibrations (WBV) throughout the body to a bus driver who drives a bus in a sitting 
position. In addition, this study is to investigate the noise produced on the bus during 
the journey to the destination which is from Kuantan to Johor Bahru. There are two 
steps taken to obtain data which are survey questions as well as direct observation. For 
the survey, a total of 20 bus drivers were randomly selected to answer the survey form 
provided. The survey form consists of part A until G. Direct observation is a process 
where everything that happens along the way is recorded to facilitate discussions of the 
process. To obtain the value of whole body vibration and noise effects, instruments 
called dosimeter and accelerometer sensor is used. Accelerometer sensor is a device to 
measure the vibrations. This device is placed on the driver seat. Later, the bus driver 
would sit on the equipment along the way to the destination. Then, all data will be 
entered into a program at Quest Software to make graphs. Overall, the vibrations are 
recorded for 4jam of 0.5467 m / s ². Data were compared with data from ISO 2631. 
According to ISO 2631, for the time worked 4hours, RMS value is 4 m / s ². Thus, the 
value obtained shall not exceed the value of ISO 2631. For sound effects, the trip takes 
about 6 hours should not exceed 92dB. The results recorded are 95.6dB. This value 
exceeds its recoverable amount. Also studied was about back pain and muscle aches or 
arthritis. Many have complained that they never or always these problems. In 
conclusion, the higher the value of the vibration in a bus, a bus driver will feel back pain 
or aching muscles or joints frequently. Therefore, the vibration must always review and 
monitored at all times. 
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ABSTRAK 
 
Getaran pada seluruh tubuh badan adalah penting untuk dipelajari dan didalami 
kerana pendedahan kepada nya boleh mengurangkan kemangalan. Statistic 
menunjukkan kemalangan yang melibatkan kenderaan awam seperti bas adalah sering 
kerap berlaku. Oleh sebab itu, seorang pemandu bas haruslah didedahkan dengan lebih 
mendalam tentang getaran pada seluruh tubuh badan. Ini kerana apabila seorang bas 
mengalami getaran seluruh badan secara kuat, pemandu bas itu boleh berhenti rehat 
seketika sebelum menyambung perjalanannya. Tujuan utama kajian ini adalah untuk 
mengkaji getaran diseluruh badan untuk seorang pemandu bas yang memandu bas 
dalam posisi duduk. Selain itu, kajian ini juga adalah untuk mengkaji bunyi yang 
dihasilkan di dalam bas sepanjang perjalanan menuju ke destinasi iaitu dari Kuantan ke 
Johor Bharu. Langkah yang diambil untuk mendapatkan data dibahagikan kepada dua 
iaitu soalan survey dan juga pemerhatian secara langsung. Bagi survey, seramai 20 
orang pemandu bas dipilih secara rawak untuk menjawab boring survey yang 
disediakan. Boring survey itu mengandungi beberapa bahagian besar seperti maklumat 
peribadi dan sebagainya. Pemerhatian secara langsung adalah proses di mana segala apa 
yang berlaku sepanjang perjalanan dicatat untuk memudah kan proses membuat 
perbincangan. Bagi mendapatkan nilai Getaran seluruh tubuh dan juga kesan bunyi, alat 
yang diberi nama “Dosimeter” dan “accelerometer sensor” digunakan. Accelerometer 
sensor adalah alat untuk mengukur getaran. Alat ini diletakkan di atas kerusi pemandu 
bas. Kemudiannya, pemandu bas tersebut akan duduk di atas alat itu sepanjang 
perjalanan menuju ke destinasi.Kemudian, semua data akan dimasukkan ke satu 
program Quest Software untuk di jadikan graf. Secara keseluruhannya, nilai Getaran 
yang direkod untuk 4jam adalah sebanyak 0.5467 m/s². Data yang diperoleh 
dibandingkan dengan data dari ISO 2631. Menurut ISO 2631, untuk 4jam masa bekerja 
nilai RMS adalah 4 m/s². Maka, nilai yang diperoleh adalah tidak melebihi nilai dari 
ISO 2631. Bagi kesan bunyi pula, untuk perjalanan yang mengambil masa selama 6jam 
sepatutnya tidak melebihi 92dB. Keputusan yang direkod adalah 95.6dB. Nilai ini 
adalah melebihi nilai yang sepatutnya. Turut dikaji adalah mengenai sakit belakang dan 
juga sakit-sakit urat atau sendi. Ramai yang mengadu bahawa mereka pernah atau 
sentiada mengalami masalah tersebut. Kesimpulannya, semakin tinggi nilai getaran 
dalam sebuah bas, makin kuat seorang pemandu bas akan merasa sakit belakang atau 
sakit-sakit urat atau sendi. Oleh sebab itu, getaran haruslah sentias dikaji dan dipantau 
setiap masa.   
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Introduction 
 
Whole body vibration (WBV) is when we applied through a supporting surface 
such as a seat or a platform. This statement also defined the basicentric coordinates 
system used in the standards, (O. Bruyere, et al. 2003). Exposure of the body and 
vibration or shock of this kind produces a complex distribution of oscillation motions 
and forces within the body which can degrade health, impair activities, impair comfort 
and cause motion sickness,(O.O. Okunribido et al. 2006).  Degraded health includes 
back ache and spinal damage resulting from exposure to seat vibration. Almost any part 
of the body can be damaged by vibration or shock, in some cases by a single event, in 
others by long term exposure. Vibration can disturb one’s comfort. Low frequency 
vibration can cause motion sickness syndrome. WBV measurements were performed 
according to the International Standard ISO guidelines using a tri-axial seat 
accelerometer, (I J H Tiemessen et al. 2008). Noise is unwanted sound and measured in 
dB or sound power level to avoid hearing damage and to fulfil regulations. (P. H. T. 
Zannin, 2008). 
 
1.2 Background of study 
 
Whole body vibration is an oscillation that is a movement back and forth as time 
passes. An example is a swinging pendulum. The source of all vibrations is forces. A 
force causes initial movement and force sustains the continued motion. A heavy spot on 
a rotor causes a centrifugal force as it rotates. This force going around during rotation 
creates a strain on the shaft which transmits through the bearings to the housing. Mass 
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imbalanced is just one force causing vibration in machinery. There are other forces that 
can set machinery into oscillatory motion. (N. K. Kittusamy et al. 2004). 
 
Even under steady-state operating conditions, the vibrations generated is rarely 
perfectly repetitive in amplitude. It must be recognized that rotating machinery is a 
dynamic condition and that other factors add into the total response, such as resonances, 
random effects due to turbulence and interference from the other sources. Nevertheless, 
many machine vibrations are repetitive, and they can be analysed as oscillatory motions. 
(M. Funakoshi et al. 2004) 
 
Exposure to whole body vibration can cause physiological changes to the 
cardiovascular, respiratory and musculoskeletal system. Clinical affects attributed to 
whole body vibration include headache, motion sickness, sleep and visual disturbance. 
The only effect with reasonable evidence is low back pain. In drivers, low back pain 
may occur as a result of vibration, poor posture within the vehicle cab and other work 
duties. (D.J. Oborne, 2005). 
 
Vibration, as well as Whole-body vibration, was commonly considered as an 
Occupational hazard and it has been highlighted for its detrimental effects on human 
condition and comfort. It is normally associated with lower back disorders, muscle and 
nerve tissue damage, Raynaud's Disease (vibration white finger) and interference with 
cognitive processes. Although vibration may produce undesirable side effects, several 
studies have shown the positive impacts of vibration (i.e. On the bone density of 
postmenopausal women and disabled children), back pain, stroke, multiple sclerosis and 
muscle spasticity of cerebral palsy sufferers. Physiologists and physiotherapists have 
also been reported to use vibration as a therapeutic. (A.D.Woolf et al. 2010). 
  
1.3 Problem statement 
 
As the bus undergo to a certain route, the bus driver for sure will spend most of 
their working time by sitting down on the driver seat. This is because they have to drive. 
Furthermore, the bus driver will also experience the low back pain. It is a must to study 
a way to help the bus driver to reduce the whole body vibration exposure along the 
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journey. Most of the bus driver also lack of knowledge about whole body vibration and 
how can the whole body vibration effect the performance to drive. The collected data 
will be comparing to the exposure limit standard as per ISO 2631. By comparing the 
data, the conclusion either the bus stop at the right place to take rest will be reveal. 
 
1.4 Objective of study 
 
The study will be including Transnasional bus which undergoes the route from 
Kuantan to Johor Bharu. Objective for this study is: 
 
a) To conduct the human perception as well as quantitative measurement of WBVs 
for bus driver along from Kuantan to Johor Bharu. 
b) To conduct measurement of noise for bus driver and passenger. 
c) To compare the collected data to the exposure limit standard as per ISO 2631. 
 
1.5 Scope of study 
 
The study will include the transnasional bus express. The route is from Kuantan 
to Johor Bharu. About 30 drivers from terminal Kuantan will be ask to fill a form of 
questionnaire. Collaboration with local agencies such as SIRIM and NIOSH also will be 
a most important. This is because; to get the actual data we have to ask from the Sirim 
and NIOSH.  It also includes the time. The route to Johor Bharu is quite long. 
Therefore, the decided time is day and night. It is to compare if the vibration during day 
time is longer than night time. 
 
1.6 Significant of study 
 
This study is about whole body vibration that occurs in bus driver. This is also to 
study about the noise in the bus during the journey. This study is to help bus driver to 
aware about whole body vibration during driving. This is because whole body vibration 
may lead to degrade health, impair activities, impair comfort and cause motion sickness. 
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 It is also a hope to reduce accident involving a bus. This study is also to help 
passengers and the bus driver to aware about the noise in the bus so that, their 
maintenance especially can be improved to reduce noise. 
 
1.7 Structure of report 
 
This report included four chapters. The first chapter is the introduction where it 
contain the introduction about whole body vibration and noise, the background so that 
we can briefly know about the study, the objective of the study, problem statement and 
also significant of the study. Significant of the study means what benefit can the bus 
driver and passenger can get from this study.  
 
The second chapter is the literature review. Under this chapter, the previous 
study on whole body vibration and noise will be summarizing so that the idea can be 
develop. Under this chapter also will be include the impact for whole body vibration 
and noise. Under this chapter also, the parameter that cause the whole body vibration 
and noise also will be discuss. In conclusion, literature review is actually a way to a 
better understanding for the topic study. 
 
The third chapter is methodology. This chapter will highlight the method to use 
in this study. A flow chart will also be including for an easier reference for this study. 
Under this topic, the subject also will be discussing. A simple procedure will be under 
this chapter. The result from the questionnaire also will be included in this chapter. The 
measurement for overall parameter will be stated clearly by using graph or pie chart will 
be shown. Also the instrument used to do the measurement will be shown. So, basically 
chapter 3 is the procedure to undergo the study. 
 
The fourth chapter are the chapter that all the result and discussion will be 
display. Every graph or data collected will be put under this topic. All the result then 
will be discussed.  
 
The last but not least chapter is chapter five. This chapter is the conclusion for 
the overall chapter one, two, three and four. 
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CHAPTER 2 
 
 
LITERITURE REVIEW 
 
 
2.1 Introduction. 
 
Literature review helps in to undergo a research. Therefore, under this topic it is 
focusing on the definition for whole body vibration and also the definition for noise. 
Also included factors that may lead to whole body vibration become greater and also 
effect from the whole body vibration. 
 
2.2 Definition for Whole Body Vibration (WBV) Exposure. 
 
Everyday vibration occur either we notice it or not. Vibration can be known as 
oscillatory motions of solid bodies. Simple example for vibrating system is represented 
by a weight suspended on a spring and set into an up and down motion. The vibrating 
weight is displaced above and below an average position. 
 
Vibration can be divided into two main parts: 
i. Whole-body (WBV) - Where the vibration is transmitted to the body as a whole 
by its supporting surface. The mechanical vibration that, when transmitted to the 
whole-body, entails risks to the health and safety of workers, in particular, 
lower-back morbidity and trauma of the spine 
ii. Segmental - The mechanical vibration that, when transmitted to the human hand 
arm system, entails risks to the health and safety of workers, in particular, 
vascular, bone or joint, neurological or muscular disorders. 
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According to a Handbook on Whole Body Vibration In Mining, vibration arises 
from various mechanical sources with which humans have physical contact. Vibration 
energy can be passed on to operators from vehicles on rough roads; vibrating tools; 
vibrating machinery; or vibrating work platforms and may give rise to adverse health 
effects. It can be transmitted through the feet and legs, the hands and arms but most 
commonly through the buttocks while seated in a vehicle. The magnitude of the effect 
of vibration depends on the severity and length of exposures. 
 
Whole-body vibration (WBV) produces systemic effects on the entire body. 
Information regarding the chronic effects of WBV is still in infancy. However, there is 
abundant information regarding subjective responses to vibration. Some limitations of 
these studies are that they were performed in laboratory settings and that they only 
evaluated sinusoidal vibration, and thus are not representative of real-life conditions. 
(N. K. Kittusamy et al. 2005).  
 
Whole-body vibration refers to those vibration responses which involve 
extensive regions of the human body and which are caused by vibration stimuli 
containing energy at relatively low frequencies, typically less than 100 Hz. Whole body 
vibration in passenger cars means that the person is exposed to vibration from the 
supporting surface which supports him/her i.e. the car seat. (D.D. I. Daruis et al. 2008) 
 
Griffin (1990) suggested that a seated person may be exposed to both whole-
body and local vibration of the head (e.g. from head or neck rest), the hands (e.g. on a 
steering wheel) and the feet (e.g. on the floor or pedal). The two main standards are 
BS6841 (British Standards Institution 1987) and ISO 2631-1 (International 
Organization for Standardization 1997). It is important to mention which standard is 
used for the measurement and evaluation because there are dissimilarities although 
almost identical, especially the frequency weightings to be used. (D.D. I. Daruis et al. 
2008). 
 
A major portion of the vibrations experienced by the occupants of an automobile 
enters the body through the seat. Whole-body vibrations, which are mainly vertical 
vibrations, tend to affect the human body the most. These vibrations are transmitted to 
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the buttocks and back of the occupant along the vertebral axis via the base and back of 
the seat. Since the natural frequency for the human trunk falls in the range of 4-8 Hz, it 
is expected that the whole-body vibrations that will most largely affect passengers will 
occur in this frequency range. (T.C.Fai et al. 2008). 
 
Whole body vibration should be measured at the interface between the body and 
the source of vibration. For seated person this involves the placement of accelerometers 
on the seat surface beneath the ischial tuberosities of subjects. Vibration is also 
sometimes measured at the seat back and also the feet and hands. Epidemiological data 
alone are not sufficient to define how to evaluate the whole body vibration so as to 
predict the relative risks to health from the different types of vibration exposure. A 
consideration of epidemiological data in combination with an understanding of 
biodynamic responses and subjective responses is used to provide current guidance.  
 
Noise is unwanted sound and measured in dB or sound power level to avoid 
hearing damage and to fulfil regulations. A gold standard in predicting sound quality is 
still on its way (Bruel & Kjaer 2004), the common approach is to define an annoyance 
or an index which involves objective and subjective measures (Bodden 1997; Nor et al. 
2008; Rossi et al. 2003). The objective measurements especially in measurement tools 
available in the market often comprises of these parameter such as loudness, sharpness, 
fluctuation strength and roughness. Then the objective and subjective assessments are 
correlated to usually produce acoustical or sound quality index 
 
2.3 Vibration discomfort. 
 
For very low magnitude, the percentage of persons who will be able to feel 
vibration and the percentage that will not be able to feel the vibration may be estimated. 
For higher vibration magnitudes, an indication of the extent of subjective reactions is 
available in a semantic scale of discomfort.  
 
The relative discomfort caused by two or more alternative motions is often 
greater interest and can be predicted from measurements of the vibration. Vibration 
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limits to prevent discomfort vary between different types of transport. The design limit 
depends on external factors and the comfort in alternative environments. 
 
2.3.1 Effects of vibration magnitude. 
 
The absolute threshold for the perception of vertical whole body vibration in the 
frequency range 1 to 100 Hz is very approximately 0.01ms 
-2 
will be noticeable. 
Magnitudes around 1 ms
-2
 rms are usually uncomfortable and magnitudes of 10ms
-2
 are 
usually dangerous. The precise values depend on vibration frequency and the exposure 
duration and they are different for other axes of vibration (Griffin, 1990).  
 
Doubling the vibration magnitude produces an approximate doubling of the 
sensation of discomfort. A halving of vibration magnitude can therefore produce a very 
considerable improvement in comfort. For some types of whole body vibration, 
differences as small as 10% in the vibration magnitude will be detected by the majority 
people.  
 
2.3.2 Effects of vibration frequency and direction. 
 
The extent to which a given vibration acceleration will cause a larger or smaller 
effect on the body at different frequencies is reflected in frequency weightings, 
frequency capable of causing the greatest effect are given the greatest weight and others 
are attenuated in accord with their decreased importance.  
 
Two different frequency weightings (one for vertical and one for horizontal 
vibration of seated or standing person) were presented in International Standard 2631 
(1974,1985) and have been reproduced in other relevant standards. However, ISO 2631 
has recently undergone major revision (International Organization for Standardization, 
1997). The revision of International Standard has a form broadly similar to Bristish 
Standard 6841 (1987) but it contains various errors and inconsistencies that make it 
difficult to use.  
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2.3.3 Effects of vibration during duration. 
 
Vibration discomfort tends to increase with increasing duration of exposure to 
vibration. The rate of increase may depend on many factors but a simple fourth power 
time-dependency is used to approximate how discomfort varies with duration of 
exposure from the shortest possible shock to a full day of vibration exposure. 
(M.J.Griffin, 2004). 
 
2.4 Causes that lead to Whole Body Vibration (WBV) Exposure.  
 
Nowadays, we even can still see the rough road and also poor work surface 
condition. Poor roads and uneven work areas contribute significantly to rough rides and 
discomfort but they are not the only cause of acute injuries. A good road with a single, 
unexpected pothole can cause severe neck and back injuries in passengers if the vehicle 
is travelling at speed. On the other hand a poor travelling road can slow personnel 
transport and production and may cause long-term damage to drivers and passengers.  
 
Economic activity is another factor that can contribute to vibration. According to 
the fourth EWCS, about 24 % of all EU-27 workers reported being exposed to vibration 
at work at least a quarter of the time below shows exposure by sector, from which it is 
evident that most exposure is found in construction (63 % of workers), manufacturing 
and mining (44 %), agriculture and fishing (38 %), electricity, gas and water supply (34 
%) and transport and communication (23 %). 
 
Alem and Strawn et al. (1996) designed and evaluated an energy absorbing truck 
seat for a 5 ton military truck for increased protection from landmine blasts. Seat 
designers can use this method for evaluating seat comfort such as support, fitness and 
accommodation. 
 
 Cho and Yoon et al. (2001) developed a biomechanical model of humans on a 
seat with a backrest for evaluating the vehicular ride quality. Rakheja et al.(2007) was 
developed a model to study the seated occupant interactions with seat backrest and pan 
and biodynamic response under vertical vibration. Wang et al. was studied the role of 
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seat geometry and posture on the mechanical energy absorption characteristics of seated 
occupants under vertical vibration. The results show that the absorbed power quantity 
increases approximately quadratically with the exposure level by the person. The results 
also reveal that the absorbed power is strongly dependent upon the individual 
anthropometry variables such as body mass, fat and mass index. But there is no real 
proof of the variables given. 
 
Another factor that may lead to a higher value of Whole Body Vibration (WBV) 
Exposure is the type for the vehicle and also its design. If the vehicle does not have a 
better suspension system, they will face the higher WBV in it along the journey. 
Because of the suspension, it will give a rough ride. 
 
Gender is also an important factor that cause to higher whole body vibration. 
According to research, Misael et al 2001. and thought women were, intuitively, more 
sensitive to vibration than men, when they looked at the curves obtained. However, 
when they analyzed the results using the non-parametric test of Mann-Whitney, they 
concluded that gender do not interfere on the volunteer’s responses. (Misael et al 2001) 
 
For an operator with longer work histories consistently reported greater 
percentages of symptoms, missed work, and physician visits than the less experienced 
group. For all body regions the percentage of work-related symptoms, missed work, and 
physician visits varied greatly among the five different types of equipment (backhoe, 
crane, pushcart/dozer, pull scraper, and end loader). Operators using older equipment 
reported a higher percentage of missed work and physician visits due to musculoskeletal 
symptoms than those using newer equipment, and those using a combination of both 
newer and older equipment. (N.K. Kumar et al. 2005). 
 
Bottoms and Barber (1978) evaluated a tractor seat with a swivel of up to 20 
degrees from the normal forward facing position. From their study, results showed a 
decrease in muscle activity in the shoulder and neck regions when the seat was swiveled 
up to 20 degrees. The way we placed the seat play most important. Measured angles of 
the body twist showed that the full potential benefit of the swivelling seat was not used 
by the subjects, although the mean twist between the shoulders and hips was reduced 
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significantly with increased swivel angle. This study confirmed that a swivelling seat 
was of benefit to the tractor driver specifically performing tasks that required rearward 
visual monitoring. 
 
Awkward postures during the operation of heavy construction equipment are a 
consequence of improper design and work procedures. Poor visibility of the task, 
limited room, and excessive forces required operating levers or the pedals, and improper 
seat designs are some of the characteristics of poorly designed vehicles. Awkward 
posture of any body part can result in increased risk of fatigue, pain, or injury if we still 
did not control it. Awkward posture is another important risk factor observed among 
operating engineers. (N.K. Kumar et al. 2005). 
 
Awkward postures refer to joint positions significantly deviated from the neutral 
body postures and may include static positioning or constrained body postures (twisting 
or elevated positioning; Putz-Anderson, 1988). Exposure to awkward posture can result 
in localized fatigue or pain and contribute to the development of musculoskeletal 
disorders. The relationship between awkward posture and the development of 
musculoskeletal disorders of the neck, shoulder, and trunk has been reported recently 
(National Institute for Occupational Safety and Health [NIOSH], 1997).  
 
The significance of assessing the postural requirements of operators exposed to 
whole-body vibration has been echoed in the recent literature (e.g., Bongers et al., 1988; 
Bongers, Hulshof, Dijkstra, & Boshuizen, 1990; Bovenzi & Zadini, 1992; Johanning, 
1991). A study by Kittusamy and Buchholz (2001) evaluated postural stress during 
excavating operations by a pilot. They evaluated postural requirements of the operators 
performing trench digging operations on two different pieces of construction equipment. 
For both pieces of equipment, they found that the trunk was either flexed or twisted for 
at least 25% of the cycle time.  
 
The right shoulders were elevated a majority of the cycle time and the neck was 
either flexed or twisted for at least 22% of the cycle time for operators of either pieces 
of equipment. Working posture is believed to be influenced by many factors including 
workstation layout, location and orientation of work, individual work methods, and the 
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workers’ anthropometric characteristics (Hsiao & Keyserling, 1990; Keyserling, 
Punnett, & Fine, 1988). Awkward posture is one of the important risk factors in the 
development of musculoskeletal disorders (Chaffin & Andersson, 1984; Keyserling et 
al., 1988; Putz-Anderson, 1988).  
 
A number of studies have shown that working activities like lifting, carrying, 
pulling and pushing are related to MSP (Anannontsak and Puapan, 1996; Hoozemans et 
al., 1998; Macfarlane et al., 1997; Magnusson et al., 1996), and since taxi drivers 
frequently have to handle luggage this was considered to be another potential risk 
factor. Sleeping in a sitting posture may induce MSP because some parts of the body are 
necessarily kept in a cramped position, so sleeping in the car seat. 
 
2.5 Impact on Whole Body Vibration (WBV) Exposure and noise. 
 
Kelsey and White (1980) reported that prolonged periods of driving increased 
the risk of disc prolapses and vibration was given as one of several associated causes. 
Vibration puts the back muscles under stress which is augmented by the need to 
maintain balance and whole body vibration is a particular risk factor for the onset of low 
back pain in drivers when coupled with other activities such as loading and unloading 
truck. 
 
 The back is not the only anatomical area affected. The vibration effects of 
handheld power tools have been linked to a variety of hand and wrist disorders, often 
described as hand-arm vibration syndrome and more specifically includes carpal tunnel 
syndrome and Raynaud’s phenomenon. (Bonney, 1995: Atterbury et al. 1996). 
 
For example in mining field, NSW Joint Coal Board (1990) indicated that that 
jarring and shock were responsible for up to 30% of all back injuries in open-cut mines 
some of which were severe. As well a number of workers’ compensation claims have 
been made for back and neck injuries over the last 20 years some of which may have 
arisen from long-term exposures to rough rides. In 1989 a Canadian study of 
underground load-haul-dump vehicles (LHDs), found that 20 of 22 tested vehicles 
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exceeded the old International Standard six-hour limit in the z-axis (vertical direction 
through the body). 
 
Long term use of vibrating power tools can result in a cumulative trauma injury 
called vibration induced white finger, Raynaud’s disease or hand vibration syndrome 
(Griffin and Bowenzi, (2002). HAVS arises from structural damage to blood affected 
hand or finger. In later stages of disease, the finger alternates between blanching 
(whiteness) and cyanosis (blueness), which is symptomatic lead to gangrene, requiring 
amputation of the affected finger.  
 
According to Bovenzi.M (2005) studies, neurological disorders have suggested 
that sensory disturbances in the hands of vibration exposed workers are likely due to 
vibration induced impairment to various skins. Clinical and epidemiologic surveys have 
revealed an increase in sensorineural disorders with the increase of daily vibration 
exposure, duration of exposure, or lifetime cumulative vibration dose. The currently 
available epidemiologic data, however, are insufficient to outline the form of a possible 
exposure-response relationship for vibration induced neuropathy. 
 
Bone and joint disorder may cause because of the long journey that a person 
may take. This is usually will be referring to the truck driver or the bus driver. 
Bovenzi.M (2005) stated that, Vibration-induced bone and joint disorders are a 
controversial matter. Various authors consider that disorders of bones and joints in the 
upper extremities of workers using hand-held vibrating tools are not specific in 
character and similar to those due to the ageing process and to heavy manual work. 
 
Environmental noise is linked to sleep degradation effects such as difficulty in 
obtaining sleep, sleep duration, reduction in REM stages of sleep, induced physiological 
effects such as increased blood pressure and heart rate and secondary effects such as 
fatigue, increased stress, reduced mood and alertness. Sift workers and those sleeping in 
temporary accommodation are among the most sensitive to environmental noise. 
 
Noise is a physical and social problem with several undesirable effects: 
a) It can cause hearing loss if of sufficient effect (physical effect). 
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b) Causes annoyance (a physical effect), which can result in sleep disturbance, 
stress, tension and loss of performance. 
c) Interferes with activities, such as speed communication, which in turn can cause 
annoyance and all of its associated effects. 
d) Causes structural response (mechanical effect) which can cause structural 
failures, injury, and product liability.  
 
2.6 Ways to reduce Whole Body Vibration (WBV) Exposure. 
 
In order to reduce whole body vibration in our daily life especially in driving, 
the drivers should undergo training. Training in order to avoid potentially harmful 
vibration could prove useful and cost-effective. Awareness among the driver itself about 
whole body vibration is important in order to reduce accident.  
 
Drivers' need to be aware of the conditions that cause rough rides and what 
constitutes damaging vibration. They also need the driving skills to avoid or reduce 
exposure and be given feedback on what constitutes an optimum speed for safety. A 
driver needs training because: 
a)  imparting skills and knowledge that can be tested (competencies) 
b) raising awareness of the link between health and safety and workplace 
and equipment design 
c) reinforcing safe procedures  
d) informing employees of changes to policies 
e) obtaining feedback from employees on problems and issues 
f) teaching people how to identify and solve problems 
g) ensuring that operators adjust their seats correctly so that they are 
comfortable and that they report any problems with seats 
h) Informing employees of the importance of safety and the general 
principles of risk reduction. 
 
Training on vibration should be used to raise awareness of the constitutes 
harmful vibration and its effects to their body or even to their driving. Also, to improve 
